In the Szigetvár area, SW Hungary, shallow groundwaters draining upper Pleistocene loess and Holocene sediments are considerably contaminated by domestic effluents and leachates of farmland fertilizers. The loess contains calcite and dolomite, but gypsum was not recognized in these sediments. The anthropogenic inputs contain significant amounts of calcium and sulfate.
INTRODUCTION
Dedolomitization is a process in which dolomite crystals are partly or entirely replaced by calcite, but on a broader perspective "dedolomitization reactions" are usually described as dissolution of dolomite accompanied by precipitation of calcite as result of gypsum or anhydrite dissolution. Dedolomitization is a diagenetic process and has been studied as so by numerous authors (Kenny, 1992; James et al., 1993; Guo et al., 1996; Kargel et al., 1996; Peryt and Scholle, 1996; Kolkas and Friedman, 1998; Arenas et al., 1999; Zeeh et al., 2000; Sanz-Rubio et al., 2001; Alonso-Zarza et al., 2002) . In the last decade, however, studies on this process have also contributed to a better understanding of karst development (Bischoff et al., 1994; Canaveras et al., 1996; Raines and Dewers, 1997; López-Chicano et al., 2001; Perry et al, 2002) , helped explaining the spatial variability of hydraulic parameters of aquifers (Masaryk and Lintnerova, 1997; Goldstrand and Shevenell, 1997; Ayora et al., 1998; Capaccioni et al., 2001; Singurindy and Berkowitz, 2003) , provided additional comprehension about the chemical evolution of groundwaters (Plummer et al., 1990; Sacks et al., 1995; López-Chicano et al., 2001; Wang et al., 2001) , and resulted in more effective descriptions of concrete degradation (Spry et al, 2002) and of expansion of industrial aggregates (Qian et al, 2002) .
But "dedolomitization reactions" have never been associated with human activities, such as the irrigation of artificially fertilized farmlands, and barely reported to occur in siliciclastic deposits, exceptions made for the study of a dolocrete profile hosted in Mio-Pleistocene sandstones of the Arabian Gulf (Khalaf and Abdal, 1993) , and of Cauliflower-shaped nodules widespread in a Triassic red mudstone of the Iberian Range (Alonso-Zarza et al., 2002) . Usually, the geological environments are sedimentary sequences composed of limestones and dolostones and the driving force is the weathering of associated gypsiferous layers. The purposes of this paper are: (1) to report the occurrence of "dedolomitization reactions" in loess sediments containing calcite and dolomite, in the Szigetvár area, SW Hungary; (2) to show that "dedolomitization reactions" can also be driven by infiltration of meteoric waters contaminated by domestic effluents and fertilizers rich in calcium and sulfate.
STUDY AREA

Geology and Mineralogy
The geology of the Szigetvár area (SW Hungary) is characterized by upper Pleistocene to Holocene formations ( Figure 1a ). These formations change from drift sand in the western part of the area (mainly Marcali Sand Formation), to loess in the eastern side (Paksi Loess Formation).
In a very small area of the eastern limit, different formations of the W-Mecsek mountains were mapped, including Carbon granite (Mórágy complex), Permian sandstone and aleurolite (Cserdi and Korpádi Formation), and Miocene gravels or laminated clays (Szászvári Formation).
In this study the focus is put in the loess area. The mineralogical composition of loess is shown in Table 1 . Major components are quartz, plagioclase, K-feldspar, calcite, dolomite and clays (mostly montmorillonite and illite, with minor amounts of vermiculite and kaolinite); gypsum was not detected by the RTG analyses. While montmorillonite, illite and vermiculite are weathering products of feldspars, kaolinite has been deposited by wind during loess formation.
Loess is weakly cemented by carbonate minerals.
Land Occupation
In the loess area, land is occupied by ~80 villages surrounded by small farms, agricultural areas and forests (Figure 1b) . Drinking water is supplied by pipeline, but usually villages have no system of sewers. As a consequence, the soils were contaminated by domestic effluents containing sewage, and by manure, fertilizers, and pesticides. Outside the villages, pollution is due to extensive agriculture practiced around the small farms and agricultural areas. Among other constituents, commercial fertilizers are composed of gypsum.
Well Drilling and Sampling
For the present study, 39 uniformly distributed wells were drilled to 10 m depth. In all cases they were used for groundwater sampling and analysis, and in some cases also for loess sampling and analysis. Additional sites were used for groundwater sampling, including 92 regularly used dug wells and 7 springs. Figure 1a shows the locations of the drilled wells, dug wells and springs.
Columns 35 of Appendix A indicate the precise locations of these sites. Of the 138 groundwater samples, 61 were taken from places inside the villages, 14 from places in the vicinity of one or two houses distant from the villages (usually in small farms), and 63 from places outside the villages and remote from any house. These settings appear in column 6 of Appendix A.
Analyses
The loess samples were analyzed by a Radioisotope Thermoelectric Generator (RTG) using a computer controlled Philips PW 1730 diffractometer with a Cu cathode tube (40 kV, 30 mA), at 2º/min goniometer velocity. The mineralogical compositions were calculated on the basis of relative intensity ratios of specific reflections of the minerals. Corundum factors related to the minerals were used to perform the calculations.
The collection of groundwater samples was done partly in parallel with the geological mapping (in 1990) and partly afterwards (in 1993); dates of sampling collection are shown in column 2 of Appendix A. At the sampling site, three water samples were colleted and put in polyethylene flasks. In the case of dug wells and springs, the samples were first filtered through a 0.45 m pore-hole strainer. Sample 1 was used for routine analyses and sample 2 for cations and silicon analyses; in the latter case a pH < 2 was ensured by addition of high purity nitric acid. Finally, sample 3 was used for nitrate-content determination, in which case chloroform was used for conservation and a refrigerator for keeping water at 4 ºC. 
where cations and anions are concentrations expressed in the eq/l scale. The samples' DCB are shown in column 17 of Appendix A, in short DCB = 3.6  2.3 %.
METHODS
Statistical Description of Groundwater Chemistry
In this paper, we discuss "dedolomitization reactions" as driven by anthropogenic contamination of meteoric waters. It is therefore expected that groundwaters in the area have a significant contribution from pollution. To assess the actual chemistry of pollution, a comparison is made between the composition of groundwaters collected in areas remote from human activities and waters collected inside the villages. In addition, the 'control' by pollution or weathering of groundwater chemistry is set statistically by the multivariate method of Pacheco (1998) , extended by Pacheco and Landim (2005) . The method relies on Correspondence Analysis and is briefly described in Appendix B.
Analysis of Weathering by Mass Balances
When meteoric water infiltrates and interacts with the surrounding rock its composition changes due to the acquisition of solutes resulting from mineral weathering. These solutes are called natural contributions to groundwater composition. The contribution of a mineral depends on its solubility and so minerals can be put on a sequence of weatherability. Acquisition of anthropogenic contaminants also changes the composition of groundwater and may drive the system to additional geochemical processes, which may alter the weather sequence. One of these processes is dedolomitization if calcium is a major pollutant. It is documented that calcite is more soluble than dolomite (e.g. Drever and Clow, 1995) , but dedolomitization involves precipitation of calcite at the expense of dolomite and therefore can switch the positions of these minerals in the weather sequence. The natural and anthropogenic contributions to groundwater composition, as well as the weather sequences, can be assessed by mass balance models. One of these models is the so-called the SiB algorithm, which has been developed by Pacheco and Van der Weijden (1996) . A brief summary of the algorithm is given in Appendix C.
Thermodynamics and Mass Action Constants
For precipitation of calcite to occur at the expense of dolomite (dedolomitization), solutions must simultaneously maintain some extent of oversaturation with respect to calcite and undersaturation with respect to dolomite. If the dissolution process is relatively rapid and the advective flux relatively slow, then ground waters are maintained at near-equilibrium positions with respect to both minerals. When dedolomitization is an active process, oversaturation with respect to calcite is maintained by dissolution of a mineral at a rate greater than that of calcite.
Usually this mineral is gypsum, but in the Szigetvár area there are 'gypsum'-containing fertilizers.
The dissolution reactions of calcite, dolomite and gypsum are:
and have laws of mass action given by:
where K cc , K dol and K gyb are the solubility products of calcite, dolomite and gypsum, respectively, and {Y} is the activity of ion Y. At room temperatures of 25 ºC, the K cc , K dol and K gyb values reported for perfectly ordered stoichiometric phases are 10 8.5 , 10 17.0 and 10 4.6 (e.g. Appelo and Postma, 1993) . Usually, recent dolomite crystals are structurally imperfect, having equilibrium constants between 10 17 and 10 16.5 , and may be calcium-rich (nonstoichiometric), in which cases the solubility product may be 10 16 (Blatt, 1992) , although the relation between crystal disordering and age is a matter of debate (Capo et al., 2000) . There is no information on the chemistry and structure of the Szigetvár area dolomites, but given the fact that local loess sediments are of Pleistocene age, we assume that dolomite is disordered, and hence that K dol = 10 16.5 Groundwater temperatures in the study area are much lower than 25 ºC (on average ~ 10 ºC). To correct the solubility products for these lower temperatures, we used the integrated Van't Hoff equation: (Appelo and Postma, 1993) . Consequently, at 10 ºC, K cc = 10 8.4 , K dol = 10 16.1 and K gyb = 10 4.6 .
At the temperature of 10 ºC, the saturation indices (SI) relative to calcite, dolomite and gypsum are:
where IAP means Ion Activity Product: 
where Y  is the activity coefficient of Y, which may be described by the Güntelberg formula (Stumm and Morgan, 1996) :
In Equation 7b, A is a constant depending on temperature (A = 0.496, for T = 10 ºC), z Y is the charge of ion Y, and I is the ion strength:
where p is the number of charged species in solution.
The activity of CO 3 2-was deduced from the activities of HCO 3 -and H + (pH) using the carbonate equilibrium equation:
where 10 10.5 is the equilibrium constant for bicarbonate dissociation at 10 ºC.
RESULTS AND DISCUSSION
Chemistry and Distribution of Pollution
In column 6 of Appendix A, groundwater samples are associated with specific environs: 1 -areas remote from villages, 2 -in the neighbourhood of isolated houses, 3 -inside villages. 
Results of the SiB Algorithm
The SiB algorithm explained the chemistry of 93 out of the 138 groundwater samples (67%). The conceptual weathering model, required for the algorithm to work, was set taking into account the mineralogical assemblage of Table 1 : (a) plagioclase weathers to montmorillonite; (b) K-feldspar weathers to mixtures of illite plus vermiculite (rich in illite); (c) calcite and dolomite dissolve congruently. The specific compositions of most minerals were not known and therefore, in order to write the weathering reactions (Table 2a) , some educated guesses about those compositions had to be made (Table 2b ). The best-fit solutions are shown in Table 3 sequences of mineral weatherability, except for the position of calcite that frequently is the first mineral in the row (the most weatherable). For example, in Drever and Clow (1995) the dissolution rate of calcite is reported to be 16.7 times faster than the rate of dolomite. We believe the exchange of positions between calcite and dolomite could be attributed to calcite precipitation, for example in the course of "dedolomitization reactions" driven by effluentand/or fertilizer-contaminated groundwaters rich in calcium.
Columns 11-14 describe the concentrations of cations that could not be assigned to weathering reactions. In total they match the concentrations of chloride + sulfate + nitrate and on average are 
Geochemical Patterns Supporting "Dedolomitization Reactions"
An important portion of the groundwater samples (95, representing approximately 70% of the dataset) are simultaneously supersaturated or close to equilibrium with respect to calcite (they are above the SI limit of 0.5 from equilibrium), undersaturated or close to equilibrium with respect to dolomite (they are below the SI limit of +0.5 from equilibrium), and undersaturated with respect to gypsum (Figure 3 ; individual saturation indices depicted in the last three columns of Appendix A). Put another way, these samples satisfy the thermodynamic prerequisites for the occurrence of "dedolomitization reactions". ] ratios compatible with the dedolomitization reaction).
Further, they are supported by a switch between calcite and dolomite in the weather sequence, as concluded by mass balance modeling. Given the fact that gypsum was not recognized in the local sediments and that ground waters contain large amounts of anthropogenic calcium and sulfate, it is suggested that dedolomitization is driven by percolation of these contaminated waters through the loess aquifer.
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APPENDIX B  THE %POLLUTION OF A GROUNDWATER SAMPLE
Using the method of Correspondence Analysis, a set of original or X variables is transformed onto a set of factors or F variables. The relation between the F and X variables is set on the basis of a linear equation:
If the signs of factor loadings (w i coefficients) are equal the corresponding X variables are correlated positively in F i , otherwise they are correlated negatively in that factor. From the observation of these "sympathies" and "antipathies" among signs of factor loadings, Equation B1
may be rewritten in forms that encompass some physical or chemical meaning. For factor one that usually explains a major proportion of the system variance (usually > 50%), Equation B1
can be recast into a percent pollution parameter: where w 1 is a F 1 loading. Square brackets denote molar concentrations (of chloride, sulfate, nitrate, bicarbonate and silica) in the groundwater sample. Samples with %-Pollution less than 50% have weathering-dominated water chemistries and samples with %-Pollution greater than 50% have pollution-dominated water chemistries.
APPENDIX C -THE SIB MODEL
The SiB algorithm has been developed by Pacheco and Van der Weijden (1996) and extended by Pacheco et al. (1999) , Pacheco and Van der Weijden (2002) , Van der Weijden and Pacheco (2003) and Pacheco and Alencoão (2005) . The model comprehends a set of mole balance and charge balance equations given by:
Mole balance equations -
Charge balance equation -
Where:  q, n and m are the number of primary minerals involved in the weathering process 
where l represents a weathering product derived from primary mineral j and  lj is the rate at which product l is being formed as a consequence of the rate at which mineral j is being weathered. Subscript l is restricted to the value of 1 if mineral j produces a single weathering product or to the values of 1 or 2 if mixtures of secondary minerals are allowed for that primary mineral. In the present study, the clay-test was used as external boundary condition. To be Table 1 . Table 2b . x is the anorthite content of plagioclase and varies in the range 0.3 < x < 0.6. 1 to 2 2 to 3 3 to 3.001 
